Focal adhesion kinase (FAK)-dependent regulation of S-phase kinase-associated protein-2 (Skp-2) stability. A novel mechanism regulating smooth muscle cell proliferation.
Smooth muscle cell (SMC) proliferation is suppressed in intact blood vessels but stimulated in atherosclerosis, restenosis after angioplasty, and vein graft disease. The cyclin-dependent kinase inhibitors, including p27(Kip1), play important roles in maintaining SMC quiescence. Levels of p27(Kip1) are dependent on attachment to and the composition of the extracellular matrix (ECM). Here we sought to elucidate mechanisms underlying the ECM-dependent regulation of p27(Kip1) and hence, SMC proliferation. Serum stimulation decreased p27(Kip1) levels in isolated SMC but not in rat aorta. The effect was post-translational and mediated by proteasomal degradation. We studied the S-phase-associated kinase protein-2 (Skp-2), an F-box protein involved in ubiquitination and proteasome-mediated degradation. Skp-2 protein is strongly induced by serum from undetectable levels in isolated SMCs but remains undetectable in aorta; Skp-2 mRNA is also lower in aorta. Overexpression of wild-type Skp-2 in SMCs decreased p27(Kip1) levels, whereas dominant negative F-box deleted mutant (DeltaF-Skp-2) Skp-2 increased p27(Kip1) levels. Furthermore, hyperphosphorylation of retinoblastoma protein and SMC proliferation were also reciprocally affected by wild-type and dominant negative Skp-2. Skp-2 expression was absolutely dependent on cell attachment to the ECM and was inhibited by laminin and type-1 fibrillar collagen but increased by fibronectin. Expression of Skp-2 protein, but not mRNA, was associated with focal adhesion kinase (FAK) activity and inhibited by overexpression of FAK-related non-kinase and a dominant negative FAK(Y397F) mutant. Furthermore, the inhibition of Skp-2 expression by dominant negative FAK was reversed by the proteasome inhibitor MG-132. Taken together, these data demonstrate that the vascular ECM controls SMC proliferation via FAK-dependent regulation of Skp-2 protein stability.